Immune cells coordinate their efforts for the correct and efficient functioning of the immune system (IS). Each cell type plays a distinct role and communicates with other cell types through mediators such as cytokines, chemokines and hormones, among others, that are crucial for the functioning of the IS and its fine tuning. Nevertheless, a quantitative analysis of the topological properties of an immunological network involving this complex interchange of mediators among immune cells is still lacking. Here we present a method for quantifying the relevance of different mediators in the immune network, which exploits a definition of centrality based on the concept of efficient communication. The analysis, applied to the human immune system, indicates that its mediators significantly differ in their network relevance. We found that cytokines involved in innate immunity and inflammation and some hormones rank highest in the network, revealing that the most prominent mediators of the IS are molecules involved in these ancestral types of defence mechanisms highly integrated with the adaptive immune response, and at the interplay among the nervous, the endocrine and the immune systems .
Network analysis has emerged as a powerful approach to understanding complex phenomena and organization in social, technological and biological systems [1] [2] [3] [4] . In particular it is increasingly recognized the role played by the topology of cellular networks, the intricate web of interactions among genes, proteins and other molecules regulating cell activity, in unveiling the function and the evolution of living organisms [5] [6] [7] [8] [9] . The cells of the IS have various ways to communicate among each other: directly, by establishing bounds between cell surface ligands and receptors, and indirectly, by means 2 of a variety of soluble mediators released and bound by the immune cells [10] [11] . Soluble mediators implement cellular communication both at short range (autocrine and paracrine cell stimulation) and across the major body systems (immune, endocrine and nervous systems). These mediators have a fundamental role in regulating the IS reaction to a possible danger, which triggers an integrated response involving both innate and clonotypic immunity, and which eventually results in an inflammatory response.
Mediators are characterized by pleiotropy (each mediator has multiple targets) and redundancy (each mediator is produced by several sources), two characteristics that strongly influence the reliability of the IS, and that significantly contribute to its robustness and adaptability. 
where G α ′ is the graph obtained by removing mediator α from G. In fact, in our framework, the removal of a mediator weakens some of the values e ij attached to the arcs and, consequently, affects the communication between various couples of cells, decreasing some of the ε ij and thus the IS network efficiency. The method has been applied to human data retrieved by the Cytokine Reference Database 16 , taking into account N=19 immune cell types (list in Fig.1 ) and M=93 soluble mediators (list in The network relevance of each mediator is reported in Fig. 3 .
The plot shows that only 3 mediators, TGF-β, MIP-1-α and -β (grouped as one mediator 16 ) and TNF-α have network relevance larger than 0. and VIP/PACAP (an immuno-neuro-endocrine mediator).
